Summary Nucleolar organizer regions (NORs) and karyotype in the black lancer, Bagrichthys majusculus from Nakhon Phranom and Sing Buri provinces, Thailand, were investigated. The mitotic chromosome preparations were directly obtained from kidney tissues of eight male and eight female specimens. Conventional and Ag-NOR staining techniques were applied to the chromosomes. The chromosomes number of B. majusculus was 2n=50 and the fundamental number (NF) of all specimens was 96. The karyotype consists of six large metacentric, six large submetacentric, two large acrocentric, eight medium metacentric, 12 medium submetacentric, two medium acrocentric, six small metacentric, four small submetacentric and four small telocentric chromosomes. Sex chromosome was not observed. Moreover, the interstitial NORs were clearly observed at the long arm of the metacentric chromosome pair 1. The result revealed that a heteromorphic NOR type was appeared in one male and one female fish and other fish have homozygous NOR in the pair 1 chromosomes.
Freshwater fishes are especially important as they provide a source of high quality protein as well as food source for people who live near a river basin. Fishes of the Bagridae family belong to the order Siluriformes and are of great importance as food fish. While, some species are kept as aquarium fishes, many bagrids have recently become a booming in aquaculture (Nelson 2006) . There are six genera and approximately 25 species in the Bagridae family in Thailand (Rainboth 1996 , Vidthayanon 2005 , Ferraris 2007 . B. majusculus is one species of the family considering as the Thai economic species used for foods and in an aquarium (Vidthayanon 2005) .
The karyotype is the chromosome complement of an individual or related group of individuals, as defined by chromosome size, morphology and number. Though for all somatic cells of all individuals of species, the number of chromosomes is used as an indicator of classification of species and interrelationships within fish families (Campiranont 2003 , Tanomtong 2011 . The studies of the karyotypes help to investigate the aquatic structure of the species population in each habitat, so it can determine what species are related to each other in an accurate manner. This may help to facilitate the hybridization between them in the future for strain improvement (Sofy et al. 2008) , breeding practices of organisms by using chromosome set management such as polyploidy inducing in catfishes, Clarias batrachus (Na-Nakorn et al. 1980) and rainbow trout (Oncorhynchus mykiss), brood stock selection of giant catfish (Mengampan et al. 2004) . Cytogenetic knowledge can also provide increasing useful data for future studies on chromosome evolution. The reports of chromosome evolution in the family Channidae (snackhead fish) indicated that centric fusion, pericentric inversion and polyploidy are the processes which have important roles on chromosome rearrangement in the snackhead fish s phylogeny (Supiwong et al. 2009 , Tanomtong et al. 2014 .
Chromosome number and karyotype are often used as essential data for the taxonomy of those animals with troubles on morphological classification aspect (Giessmann 2002) . In fishes, chromosome banding data was used to support for classification in the Cyprinidae (Amemiya and Gold 1988 , Gold and Li 1994 , Boron 2001 , Bellafronte et al. 2005 .
Up to the present, 46 species of the Bagridae have been cytogenetically studied. The chromosome number ranging from 2n= 44 in Coreobagrus brevicorpus (Kim et al. 1982) to 2n=80 in Batasio havmolleri (Magtoon and Donsakul 2009 ) have been reported. However, the predominant diploid numbers represent 2n=52 and 2n=56 (Arai 2011) . In the present study, chromosome of the B. majusculus from Thailand was firstly investigated using conventional staining and Ag-NOR banding techniques.
Materials and methods
The specimens of B. majusculus were collected from the Mekong river, Nakhon Phranom province, northeast of Thailand (five males and five females) and the Chao Phraya River, Sing Buri province, central part of Thailand (three males and three females). The sampling sites and the characteristics of B. majusculus are shown in Fig. 1 . The fishes were transferred to laboratory aquaria and were kept under standard conditions for seven days prior to the experiments. Procedure of chromosome preparation was following modified protocol of Supiwong et al. (2009) . The 0.05% colchicine (1 mL to 100 g body weight) was injected to abdominal cavity and left for 45 min to 1 h. Chromosomes were prepared from kidney cells by squash technique. Kidney tissues were cut into small pieces, then mixed with hypotonic solution (0.075 M KCl) and incubated for 30 min. Cells were fixed in fresh cool fixative (3 absolute methanol: 1 glacial acetic acid). The prepared chromosomes were stained with 10% Giemsa for 30 min, or 50% AgNO 3 and 2% gelatin for Ag-NOR staining technique (Howell and Black 1980) . The metaphase figures were analyzed according to the chromosome classification following by Turpin and Lejeune (1965) and Chaiyasut (1989) .
Results and discussion
Chromosome number, fundamental number and karyotype of B. majusculus Cytogenetic studies have been performed on sixteen specimens of B. majusculus from Thailand. The results revealed that the diploid chromosome number was 2n=50, in both males and females (Figs. 2, 3) . This is accordance with the previous studies of Magtoon and Arai (1988) and Donsakul (2002) . However, the 2n is different from other species of the Bagridae (Barat and Khuda-Bukhsh 1986 , Sharma and Tripathi 1986 , Yu et al.1989 , Lakra and Rishi 1991 , Khuda-Bukhsh et al. 1995 , Donsakul 2001 , Das and Khuda-Bukhsh 2007a , Supiwong et al.2013a , 2014a . The NF of B. majusculus was 96 in both males and females. Although our result presented the same chromosome number as in previous studies, the NF is different (Donsakul 2002, Magtoon and Arai 1988) . Donsakul (2002) reported that B. majusculus showes NF=92 whereas Magtoon and Arai (1988) reported NF=94. These differences may be due to different criteria used for the chromosome classification and/or inter-populational variation in this species. The NF in the family Bagridae varies from 72 to 128 (Arai 2011) . Comparisons among the genera in the Bagridae revealed that the Hemibagrus showes higher NF variation than others. It varies from 72 to 114. Ghigliotti et al. (2007) assumed that species with a larger NF are more advanced in evolutionary terms. Such changes in NF appear to be related to the occurrence of pericentric inversions, which are among the most common modifications contributing to karyotypic rearrange- ment in fishes (Galetti et al. 2000 , Wang et al. 2010 ) and other vertebrates (King 1993) . The karyotype of B. majusculus composed of six large metacentric, six large submetacentric, two large acrocentric, eight medium metacentric, 12 medium submetacentric, two medium acrocentric, six small metacentric, four small submetacentric and four small telocentric chromosomes or 20m+22sm+4a+4t (Table  1 ). The present result is disagreement from Donsakul (2002) and Magtoon and Arai (1988) reported as 2n=100=20m+14sm+8a+8t and 16m+26sm+2a+6t, respectively. These differences may be causes from the intraspecific variation, since they represent different populations. All investigated specimens had no distinguishable sex chromosome. This characteristic is similar to other species in the Bagridae of Thailand (Donsakul 2001 , Magtoon and Donsakul 2009 , Supiwong et al.2013a , b, 2014a . However, some bagrid catfishes in India, including M. gulio and M. tengara have differentiated sex chromosome system as XX/XY and ZZ/ZW, respectively (Rishi 1973 , Rishi and Rishi 1981 , Choudhury et al. 1993 , Arai 2011 .
Chromosome markers of B. majusculus
The Ag-NOR staining technique identifies the NOR which is the representative location of active 18S and 28S ribosomal RNA genes (Jordan 1987) . After Ag-NOR banding the chromosome in B. majusculus revealed the positive Ag-NOR marks on a single pair of the largest chromosome pair 1. The Ag-NOR was local- ized at interstitial region of the long arm in the largest metacentric chromosome pair 1 (Figs. 3, 4) . These marks are in accordance with the secondary constriction. The chromosome pair 1 carrying Ag-NOR is consistent with H. menodamenoda (Barat and Khuda-Bukhsh 1986), M. bocourti (Supiwong et al. 2013a) , Pseudomystus siamensis (Supiwong et al. 2013b ), Horabagrus brachysoma, Ho. nigricollaris, M. cavasius, M. vittatus, Pelteobagrus ussuriensis, Pseudobagrus vachellii (Arai 2011 , M. gulio, Rita rita (Das and Khuda-Bukhsh 2007b) and Sperata seenghala (Das and Khuda-Bukhsh 2007a) . However, it is different from Tachysurus fulvidraco which has two pairs of NOR-bearing chromosomes (Arai 2011) . Intraspecific NOR polymorphism between homologous chromosome of pair 1 was also exhibited in one male and one female specimens. Two specimens had a single chromosome of the chromosome pair 1 (1a1b), while seven females and seven males had two NORbearing chromosomes of the pair 1 with a homomorphism (1a1a) ( Table 2 , Fig. 3 ). Ag-NOR banding can detect proteins associated with rDNA cistrons that are actively transcribing rRNA for nucleolus production in the previous interphase. When the NOR-bearing chromosomes condense and enter prophase, these rRNAassociated proteins are entrapped around the NOR and it is these proteins that are still present in the metaphase chromosome that selectively reduce the silver and become heavily stained (Howell 1977) , whereas unstained NORs did not transcribe rRNA during the preceding interphase and there are no or less rRNA-associated proteins, hence no silver stain (Howell and Black 1979) . Accordingly, the fact that Ag-NOR on one chromosome of the pair 1 indicated that another one might be inactive. This intraspecific NOR polymorphism is common event found previously in several fishes in Moenkhausia sanctaefilomenae (Foresti et al. 1989) , Aphanius fasciatus (Vitturi et al. 1995) , Leporinus friderici (Galetti et al. 1995) , Salmo trutta (Castro et al. 1996) , Salvelinus alpines (Reed and Phillips 1997) , Chondrostoma lusitanicum (Rodrigues and Collares-Pereira 1996, CollaresPereira and Ráb 1999) , Hoplias malabaricus (Born and Bertollo 2000) , Oedalechilus labeo (Rossi et al. 2000) , Astyanax scabripinnis (Mantovani et al. 2000 , MarcoFerro et al. 2001 , Soza et al. 2001 , A. altiparanae (Pacheco et al. 2001 , Mantovani et al. 2005 , Brycon americus (Paintner-Marques et al. 2002) , Apareiodon affinis (Jorge and Filho 2004) , Aphanius fasciatus (Vitturi et al. 2005) , Prochilodus lineatus (Gras et al. 2007) , Br. iheringii (Capistano et al. 2008) , Puntioplites proctozysron (Supiwong et al. 2012) , Lutjanus johnii (Phimphan et al. 2013) , Pterapogon kauderni (Kasiroek et al. 2017) and Hemibagrus wyckii ). Therefore, different karyotypes are found even in small and isolated populations of these species (Capistano et al. 2008) . The use of NORs in explaining kinships depends on a large extent on the uniformity of this characteristic and on the degree of variety within a taxon (Yüksel and Gaffaroğlu 2008) . All specimens investigated in the present study have the interstitial Ag-NOR on long arm of the largest metacentric chromosome pair 1. The interstitial Ag-NOR in this species is similar to P. siamensis populations from the Songkham and Chao Phraya Basins (Supiwong et al. 2013b) and H. wyckii , but there is different result from the Chi River population that they pose telomeric Ag-NOR (Supiwong et al. 2013b) . The important chromosome marker of the B. majusculus is the asymmetrical karyotype that all four types of chromosomes (metacentric, submetacentric, acrocentric, and telocentric chromosomes) were presented. An idiogram displays a continuous length gradation of chromosomes. The largest and smallest chromosomes show size difference approximately 2.5 folds. The marker chromosomes of B. majusculus are the chromosome pair 1 which is the largest metacentric chromosome and chromosome pair 25 which is the smallest telocentric chromosome. The data of the chromosomal checks on mitotic metaphase cells of B. majusculus are shown in Table 1 . The idiograms from conventional staining and NOR banding techniques are presented in Fig. 4 
